INTRODUCTION
Sands of the Nanafalia Formation of Tertiary (Paleocene) age form a major aquifer in Choctaw County in southwestern Alabama. The Nanafalia is the principal source of ground water for public water supplies at Butler, Lisman, and Pennington in northern Choctaw County where the sands are tapped at depths of 700 feet or less and may yield as much as 500 gal/min. Because the formation dips southwestward from the outcrop area in the northeast part of the county, it becomes progressively deeper to the south and west. The cost of obtaining water from the greater depths in these areas has limited development and utilization of water from the Nanafalia. However, recent drought conditions and associated declining water levels in wells tapping shallower, overlying aquifers have resulted in an interest in the quantity and quality of water available from the deeper aquifer.
As part of the Southeastern Coastal Plain Regional Aquifer Systems Analysis investigation, a test well was drilled in the NWl/4 SWl/4 SEl/4 sec. 11, T. 11 N., R. 5 W., near Melvin, Choctaw County, during January 1981 ( fig. 1 ). The well is located sufficiently downdip that the test results could be used to interpolate and estimate water-bearing characteristics of the aquifer in other parts of the county. Interpretation of electric logs of oil-test wells in % the area indicated that the sand beds of the Nanafalia were at least 100 feet in thickness, fairly homogeneous, and contained good-quality water. Figure I . Location of well CHO-I and potentiometric surface of water in the Nanafalia Formation.
The well site is believed to be directly north and on the upthrown side of an eastward trending fault. The measured displacement of the fault, about 0.8 mile east of Melvin, is about 25 feet (Turner and Newton, 1971, p. 2) . The base of the Oligocene Series at this location is at an altitude similar to that of the base of the underlying Jackson Group. Major faulting is known to be present in the underlying Cretaceous formations in this area (Moore, 1970, pi. 1) . Sand beds in the Cretaceous formations contain saline water having greater than 3,000 mg/L (milligrams per liter) dissolved solids, Drilling of the test well began January 6, 1981, and was completed on January 14, 1981. The test well was drilled to a depth of 2,070 feet through the Nanafalia Formation and into the Naheola Formation. The well was completed by setting a screen opposite a selected sand bed from 1,760 to 1,780 feet in the Nanafalia. Following completion of the well, a 24-hour aquifer test was conducted and a water sample collected for analysis. The well has been equipped with a water-level recorder and added to the Alabama observation well network as local well number CHO-1 and Federal site identification number 315553088273001.
Purpose and Scope
The purpose of this report is to assemble and present hydrologic and geologic data collected by the U.S. Geological Survey during the drilling and testing of the test well. Hydrogeologic data collected are presented in tables, graphs, and diagrams. These data include lithologic, geophysical, and sample logs, and the results of aquifer tests and chemical analyses of ground water.
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WELL CONSTRUCTION

Drilling and Casing Procedures
The test well was drilled with a hydraulic-rotary drilling rig. Bentonite-base mud mixed with freshwater was used as the circulating fluid only prior to logging operations to build up a mud cake on the walls of the test hole. Natural clay beds encountered during drilling of the test hole generally kept the drilling fluid sufficiently thick to coat the walls and circulate the formation cuttings to the surface.
The test well was drilled to a depth of 1,720 feet using an 8 3/4-inch soft-formation bit. All depths in this report are referenced to land surface as the zero datum. Surface altitude at the test well is 350 feet as determined from the 7 1/2-minute topographic map for Melvin, Ala. A 6-inch ID (inside diameter) casing was set to a depth of 1,720 feet to facilitate further drilling and testing of the underlying sand beds in the Nanafalia Formation. The casing was pressure-grouted witih cement from 1,720 feet back to the land surface. All casing joints were bxjtt-welded. A 5 1/2-inch diameter hole was drilled from the bottom of tlie 6-inch casing to a depth of 2,070 feet, completely penetrating the Nanafalia Formation and 30 feet of the top of the Naheola Formation. The well was completed by setting a 20-foot section of 4-inch Johnson!/ wire-wrapped stainless steel screen opposite a selected sand bed from 1,760 to 1,780 feet in the Nanafalia Formation. A sieve analysis of the average size of sand in this section indicated a screen opening size of 0.015 inch (No. 15) .
To stabilize the screen at this interval, casing was installed in the lower part of the 4-inch screen, which was followed by 50 feet of: 4-inch casing extended 10 feet into the bottom sealed by packing a lead seal in the annulus casings. A construction diagram of the well is 90 feet of 4-inch blank hole, followed by 20 feet of 4-inch blank casing. The of the 6-inch casing and was between the 4-and 6-inch shown in figure 2.
Well Development
The test well was developed, after completion, by pump-ing with compressed air. Compressed air was injected through the crill-rod string and out a horizontal-jetting tool positioned opposite the jetting and pumping continued for 20 hours unti contained only a slight amount of suspended sec screen. Simultaneous 1 the water from the well iment. Development removed the drilling mud as well as fine sand, silt, ard clay from the water-bearing formation in the screened interval and forced the fine materials to pass through the screen openings into the well where they were pumped to the surface.
HYDROGEOLOGIC DAT/.
Hydrogeologic data collected during the construction lithologic logs, aquifer test results, and water in tables 1 and 2 and figures 2 and 3. Geophysical logic log, and a construction diagram are presented of the well include analyses that are presented logs, a graphic lithoin figure 2.
Drill Cuttings
Drill cuttings were collected from every 1C The cuttings were collected from a sample discharge trough leading from the drill hole to the mud-settling pit. The trough following each 10-foot sample collection so ths would represent cuttings from the following 10-foot section of the well.
A sample description log with formation Geological Survey of Alabama is presented in -foot interval during drilling, was cleaned of cuttings t the next sample collected determinations made by the ts.ble 1.
JL/Use of the brand name in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey. Sand, pale-yellowish-orange (10YR8/6), to white (N9), 30 30 fine-to medium-grained, subangular to subrounded, quartzose, with clay, pale-reddish-brown, (10R5/4), trace; fossiliferous.
Sand, mostly white, some pale-yellowish-orange, fine-30 60 to medium-grained, subangular to subrounded, quartzose; limestone, light-olive (5Y6/1), to light-greenish-gray (5GY8/1), very finely crystalline, pelecypod, echinoderm, and fish skeletal fragments, ostracods, and foraminifera.
Limestone, light-olive (5Y6/1) to light-greenish-gray 10 70 (5GY8/1) fossiliferous, sand, as above (10 percent); clay, light-gray, calcareous^, silty; pelecypod, gastropod, and echinoderm fragments, foraminifera and ostracods.
Clay, light-gray, silty, calcareous, few fossils and 30 100 fossil fragments, miliolid foraminifers, ostracods. Sand, white to light-greenish-gray, fine-to raediumgrained, subangular to subrounded, quartzose, with glauconite pellets, pale-yellowish (10GY7/2), to grayishgreen (10GY5/2); limestone, very light (N8), to pinkishgray (5YR8/1), very finely crystalline, arenaceous, fossiliferous; gastropod, pelecypod, and echinoderm fragments, foraminifera, include Sphaerogypsina globulus.
Gosport Sand and Lisbon Formation, undivided
Sand as above, fossiliferous; 10 percent limestone as above, 10 percent clay olive-black (5Y2/1), lignitic, shell fragments.
Sand, very light gray to white, fine-to coarse-grained, very angular to subrounded, quartzose, with glauconite, trace; lignite, trace.
Sand, very light gray, very fine to medium, some paleyellowish-orange sand, 5 percent clay, olive-gray (5Y4/1), slightly fossiliferous, with gastropod and pe1ecypod fragments.
Clay, olive-gray, silty; sand as above, some paleyellowish-orange sand, fossiliferous; gastropod, pelecypod and echinoderm fragments.
Sand, fossiliferous, as above, with abundant glauconite; clay, trace; shell fragments, microfossils.
Sand, as above, fossiliferous, with abundant glauconite; 20 percent limestone, yellowish-gray (5Y8/1), very finely crystalline, arenaceous; large pelecypod fragments (oyster shells), forminifera and ostracods.
Sand, same, except glauconite reduced, fossiliferous; pelecypod fragments (oyster shells), foraminifera.
Sand, same, fossiliferous; glauconite, trace; clay, light-olive-gray; pelecypod, gastropod, and bryozoan fragments, foraminifera.
percent echinoderm,
Clay, light-brownish-to yellowish-gray; sand, glauconite, gypsum, fossiliferous; pelecypod, coral, and gastropod fragments, foraminifera, ostracodes. Clay, yellowish-gray; fossiliferous sand, very fine to 10 450 medium, abundantly glauconitic (Winona?), shell fragments, foraminifera.
Tallahatta Formation
Sand, light-greenish-gray (5GY8/1) to white, medium-to 20 470 coarse-grained, subangular to subrounded, quartzose, with glauconite, calcareous, micaceous, fossiliferous; claystone, light-greenish-gray (5GY8/1), sandy, glauconitic, siliceous; pelecypod, gastropod, and echinoderm fragments, foraminifera. Sand, as above; claystone, very light to yellowish gray, 10 480 sandy in part, slightly fossiliferous; shell fragments, foraminifera.
Claystone, as above; finely sandy and glauconitic. in 50 530 part; sand, as above, mostly very fine to medium, slightly fossiliferous; shell fragments, foraminifera. Clay, medium-light-gray, silty, micaceous, icarbonaceous, and sand, light-gray, fine to medium, quartzose, glauconitic.
Sand, and clay as above; sandstone, light-gray, finegrained, trace glauconite.
Clay, light-olive-gray (5Y6/1), carbonaceous, sandy, slightly fossiliferous; foraminifera.
Sand, very light gray to white, some stained paleyellowish-orange, moderate-yellow-green (5GY7/1), fineto coarse-grained, subangular to subrounded, quartzose, with glauconite, micaceous; fossiliferous as above, clay, microfossils. Clay, olive (5Y4/D-to light-olive-gray (5Y6/1), 10 900 carbonaceous; sand, as above.
Clay medium-gray, micaceous, carbonaceous; sand light-100 1000 gray, fine-to medium-grained, quartzose, slightly glauconitic, possibly fossiliferous; shell fragments.
Bashi Marl Member of Hatchetigbee Formation
Clay, medium-gray to light-olive-gray; fossiliferous; 40 1040 sand, very light gray to white, some stained paleyellowish-orange and moderate-yellow-green (5GY7/4), fine-to medium-grained, subangular to subrounded, quartzose, with glauconite, micaceous; abundant gastropod and pelecypod fragments, foraminifera.
Tuscahoma Sand
Lignite, grayish-black (N2) to black (Nl); clay, light-10 1050 olive-gray to medium-gray, silty, carbonaceous; sand, very light gray to white, some stained pale-yellowishorange, and light-greenish-gray (5GY8/1), very fine-to medium-grained, some coarse grains, subangular to subrounded, quartzose, with glauconite, micaceous, slightly fossiliferous; microfossils, shell fragments, cavings? Clay, as above, sandy; sand, as above; lignite, as above, 120 1170 trace, shell fragments from above. Sand, very light gray to white, same stained yellowish-green (110GY7/2), and pale-yellowish fine to coarse-grained, subangular to subrounded quartzose, with glauconite; trace clay, few fossils.
Clay, medium-gray to light-olive (5Y6/1)-to yollowishgray (5Y8/1), carbonaceous, slightly calcareous micaceous; sand, as above, some microfossils, sshell fragments.
Nanafalia Formation
Sand, very light gray to gray-yellowish-orange, mainly fine to medium quartzose, glauconitic, clean; clay, as above, few fossils.
clay, s.
clay, carbonaceous sandy; foss:.ls.
Clay, medium-gray, silty, micaceous, carb< sand, as above; trace lignite, black; few Sand, very fine to fine with some medium and clayey; clay, same; lignite, same, trace; fossils, trace coarse Sand, very light gray to white, some stained pale yellowish-green (10GY7/2), and pale-yellowish-orange fine to coarse-grained, subangular to subrounded quartzose, with glauconite, micaceous, clayey; clay, light-brownish-to medium-gray, slightly cal some shell fragments.
Limestone, light-gray to grayish-orange-pink (!>YR7/2), 10 impure, indurated in part, quartzose, glauconil:ic, fossiliferous; sand, fine to coarse with some very coarse, quartz, glauconite; fragments of 0_. th:.rsae (Gabb).
~~T Clean sand, very light gray to white, some stained pale-90 yellowish-orange sand, fine-to medium-grained, with some coarse grains, subangular to subrounded, quartzose, with trace glauconite and lignite, mica. Sand at 1,760 to 1,770 is mostly coarse-grained; sand at 1,800 to 1,810 is mostly fine-grained. Sand, as above, oyster shell fragments. 10
Clayey sand, as above; clay, light-olive (5Y6/1)-to 10 light-brownish-gray, micaceous, pyritic, slightly calcareous; abundant pyritic, sandy, carbonaceous material; some microfossils, shell fragments.
Clay, medium-light-gray (N6), slightly calcareous; trace 10 sand.
Sand, very light gray to white, fine-to medium-grained, 10 subangular to subrounded, quartzose, with trace glauconite, micaceous; trace clay, as above. Sand, as above, clayey; clay, as above. 10 Sand, as above, fine to coarse, trace lignite, and 50 glauconite.
Sand, very light gray to white, fine-to coarse-grained, 20 subangular to subrounded, quartzose, with glauconite, lignite, pyrite and mica. Sand, as above, clayey; clay, light-to light-olive-gray, 20 pyritic. Sand, as above, slightly clayey; sandstone, medium-light 10 (N6)-to light-olive-gray (5Y6/1), fine-to mediumgrained, angular to subrounded, quartzose, micaceous, with glauconite, and calcareous cement. Caliper, spontaneous-potential, electrical-resistivity, gamma ray, neutron, density, gamma gamma, and guard logs were made of the mud filled open-hole section of the well to 1,720 feet prior to setting the 6-inch casing. Following installation of the 6-inch casing, the well was drilled to a total depth of 2,070 feet and the open-hole section (1,720 to 2,070 feet) was logged with the same suite of logs as the upper section of the hole. Figure 2 shows the geophysical logs (upper and lower logged sections joined at 1,720 feet), graphic lithologic log, and construction diagram of the completed well.
Aquifer Test
An aquifer test was made in the well to determine the transmissivity of the sand bed in the Nanafal.ia Formation where the well was screened. The well was pumped continuously at 200 gal/min for 24 hours and water-level measurements were made of both the drawdown and recovery. Discharge was measured using a 3-inch orifice on a 4-inch discharge line. The beginning water level was 109.15 feet below top of casing; maximum drawdown after 24 hours was 40.15 feet and the water level recorded to 109.18 feet, only 0.03 foot from the static level at the start of the test. The water levels after about 18 hours of the discharge test appeared to have stablized. A transraissivity pf about 4,000 ft^/d was obtained from the early part of the recovery limb of the water-level data ( fig. 3 ). That part of the data are believed to reflect conditions primarily in the screened zone. The response of the aquifer during this test and in preliminary step drawdown tests indicate that the well probably was not fully developed and that some of the initial drawdown and recovery measured was in response to well loss. Figure 1 shows the potentioraetric surface of the Nanafalia Formation in the Melvin area which was prepared by adding this water-level control point to the potentioraetric surface map of the Nanafalia Formation in adjoining Mississippi (Wasson, 1980) . Although faulting is known to be present in the Cretaceous sediments (Moore, 1970, pi. 1) below the Nanafalia Formation and also in the overlying Tertiary sediments (Newton and McCain, 1972) , there is no discernible affect of the faulting reflected by the potentioraetric surface of the Nanafalia.
Chemical Analyses of Water
A water sample was collected from well CHO-1, during the aquifer test, after pumping at a rate of 200 gal/min for 20 hours. The sample was analyzed for major and minor chemical constituents by the U.S. Geological Survey Central Laboratory in Doraville, Ga. The analysis of the water is listed in table 2.
The chemical analysis indicates that water from the tested sand in the Nanafalia Formation at Melviti is of the sodium bicarbonate type. According to the U.S. Environmental Protection Agency drinking water standards, it is soft, basic, and low both in iron and chloride content. Based on the results of this analysis, the water is suitable for most purposes except irrigation or boiler supply. Except for the normal increase of dissolved-solids concentration with depth and distance from the recharge area, the water is similar in quality to that from wells tapping the Nanafalia Formation at Butler (Newton and McCain, 1972) , ,
There is no chemical evidence of upward leakage of saline water along the fault zone from the underlying Cretaceous formations.
